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ABSTRACT

The multimodal behaviour of IVAs may convey different socio-
affective dimensions, such as emotions, personality, or social capa-
bilities. Several research works show that factors may impact the
perception of the IVA’s behaviour. This paper proposes a systematic
review, based on the PRISMA method, to investigate how the multi-
modal behaviour of IVAs is perceived with respect to socio-affective
dimensions. To compare the results of different research works, a
socio-emotional framework is proposed, considering the dimen-
sions commonly employed in the studies. The conducted analysis
of a wide array of studies ensures a comprehensive and transparent
review, providing guidelines on the design of socio-affective IVAs.

CCS CONCEPTS

« Human-centered computing — User studies.

KEYWORDS

Virtual agent, multimodal behaviour, socio-affective dimensions,
perception, systematic review

ACM Reference Format:

Elodie Etienne, Marion Ristorcelli, Sarah Saufnay, Aurélien Quilez, Rémy
Casanova, Michaél Schyns, and Magalie Ochs. 2024. A Systematic Review
on the Socio-affective Perception of IVAs’ Multi-modal behaviour. In ACM

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

IVA °24, September 16-19, 2024, GLASGOW, United Kingdom

© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 979-8-4007-0625-7/24/09

https://doi.org/10.1145/3652988.3673943

International Conference on Intelligent Virtual Agents (IVA "24), September 16—
19, 2024, GLASGOW, United Kingdom. ACM, New York, NY, USA, 10 pages.
https://doi.org/10.1145/3652988.3673943

1 INTRODUCTION

Intelligent Virtual Agents (IVAs) are able to display a wide range
of multimodal behaviours to interact naturally with the users in a
virtual environment, whether in 2D or 3D. Depending on the role
endowed by the IVAs (e.g., virtual guide [4], virtual recruiter [5],
or virtual patient [37]), they may be required to convey different
socio-affective states such as a dominant attitude, positive emotions,
or a behaviour that inspires confidence. Several research works
show that both the verbal and the non-verbal behaviour of the IVA
strongly impact the users’ perception of the IVA’s socio-affective
state. For instance, IVA may display different facial expressions
such as smiles, frowns and raised eyebrows to convey a specific
emotional state during the interaction [4-6, 9, 14, 18, 22, 23, 26,
28, 32, 38, 40, 42, 45, 47, 49]. The IVA can also direct or avert its
gaze from the interlocutor to display different levels of engagement
[5, 6, 9-11, 14, 18, 26, 32, 35, 45, 47]. The other modalities of non-
verbal behaviours are the head movements (shaking, nodding, or
tilting) [6, 14], the orientations of the head (downward, upward,
inclined or straight) [5, 53], the torso positions (leaning forwards,
backwards or straight) [32], the arms positions (e.g., crossed arms,
arms behind the head, hands on the hips), and the body position
(e.g., standing or sitting on a chair) [4, 35, 43, 47]. Furthermore, the
breadth of movements (from small to large radius), their intensity
(light, moderate, or forceful) [4], and the directionality of gestures
(pointing with a finger or an open palm) further enrich this non-
verbal vocabulary to convey socio-emotional state [5, 53]. Hand
gestures also play a crucial role, ranging from central positioning to
peripheral actions, and alternating between behaviours like fiddling
with hands, and shrugging [4, 35], or hands clasped on a table.
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Regarding the verbal modalities, there exists a variety of lin-
guistic and paralinguistic signals. Linguistic signals pertain to the
elements of language and communication that can be explicitly
observed and analysed. These include the choice of words, the
structure of sentences, grammar, and syntax. Some specific exam-
ples are the use of subjective pronouns, verbs, nouns, the level of
formality of the language, the use of self-references, the variation
of vocabulary, the length of the sentences, the use of positive or
negative contents [3-5], and the use of commanding or suggesting
sentences [53]. Paralinguistic signals, although closely related to
linguistic ones, extend beyond the basic grammar and syntax to
include aspects of meaning that are not directly encoded in the
linguistic elements. These include acoustic signals such as the pitch
and the speech rate [16], the behaviour impacting the flow of the
conversation, as for example the overlapping of speech when the
participant interrupts the IVA [17]. Another important aspect is the
alignment or coordination of the behaviours of the two interlocu-
tors, considering, for instance, the sequentiality and temporality of
signals [10, 38] to develop IVAs capable to display different attitude
variations or to adapt to the user’s perception, as proposed in [4].

Furthermore, several factors can have an impact on the socio-
affective perception of the IVA’s behaviour, some related to the IVA
(e.g., its appearance [7, 11, 23, 32]), others related to the user (e.g.,
age) [23].

Although there are many studies on this subject, it remains diffi-
cult to have a clear vision of the different socio-affective behaviours
that IVAs can convey and how they can express them. The objective
of the paper is precisely to provide a systematic review, based on the
PRISMA method [33, 50], of the research works investigating the users’
perception of the socio-affective dimensions of IVAs conveyed through
their multimodal behaviours.

Researchers have explored a wide range of socio-affective dimen-
sions that IVAs may convey through their behaviour. In order to
compare the results of different studies, the socio-affective dimen-
sions have been gathered into five categories: emotions, personality,
trustworthiness, social capabilities, and believability. The emotions
category groups the perceptive studies on the users’ perception of
the emotions or the moods expressed by the IVAs. The personality
category includes the studies on the users’ perception of the IVAs’
personality traits such as friendliness, dominance, and extrover-
sion. The trustworthiness category gathers perceptive studies on
the impact of IVAs’ behaviour on the perception of trust, including
the perception of competence, intelligence and cooperativeness.
The social capabilities category covers studies on the perception of
a virtual relationship for the creation of a social connection with
the user or between IVAs [19]. The last category is dedicated to
the perceived believability of the IVAs. Of course, the proposed
socio-emotional framework is subject to scrutiny. The categories
are closely linked to each other, e.g., emotions are influenced by
personality [12, 34], some personality traits are sometimes consid-
ered as emotional dimensions [45]. However, this socio-emotional
framework - constructed by grouping the socio-affective dimen-
sions mentioned in the papers according to their proximity in terms
of definition and use - enables a comprehensive and transparent
review of the existing works presented in this paper.

This systematic review is guided by a central research question:
How are the emotions, personality, trustworthiness, social capabilities,
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and believability of IVAs perceived by users through their multimodal
behaviour? Indeed, the objective is to identify more precisely the
signals that IVAs can use to convey these socio-affective dimen-
sions, but also the importance of each modality depending on the
considered socio-affective dimension, and the effects of the combi-
nations of signals on perception. Moreover, the aim is to highlight
the different factors - related to the IVA, to the user, and to the
interactive device - that may influence the perception of the user.

This paper is structured as follows. The next section (Section 2)
outlines the approach, based on the PRISMA method [33, 50], to
perform the systematic review. Subsequently, Section 3 describes
the results of the papers included in the systematic review on users’
perception of the five socio-affective categories introduced above
through the IVAs’ multimodal behaviour. Finally, Section 4 delves
into the discussion of the variability in the perception of multimodal
behaviour influenced by various factors.

2 METHODOLOGY

The PRISMA method [33, 50] is used to guide the systematic review
process. This method ensures transparency and rigour by system-
atically identifying, assessing, and evaluating relevant literature.
The focus is on the perceptual review of how the verbal and non-
verbal behaviours of IVAs influence the perception of emotions,
personality, trustworthiness, social capabilities, and believability.
The criteria applied in the selection process include studies on the
perception of the socio-affective dimensions of at least one IVA
depicted in virtual environments based on monitor or VR.

Thus, the literature search conducted in the Scopus database!
uses the following request:

(virtual AND (audience* OR avatar* OR agentx OR
listenerx OR character*)) AND (perception OR perceivex)
AND (behaviourx* OR behavior* OR "body language" OR
arousal OR valence OR stance OR attitudex) AND (nonverbal
OR non-verbal OR verbal) NOT patholog* NOT autism.

This search aims to identify papers exploring the perception and
behaviours of IVA, excluding those related to pathology and autism.

The search process retrieves a total of 162 papers in Scopus. Ex-
clusion criteria are defined to refine the search results, ensuring rel-
evance and focus on the research question. The criteria encompass
the exclusion of papers with accessibility issues, duplicates entries,
non full papers or papers without any DOI, papers that are not a
perceptive study. Furthermore, as the focus is on the perception of
IVA using multimodal behaviour, papers in which the IVA does not
have a face or a humanoid body are removed. The same happened
for papers that present neither verbal nor non-verbal behaviour
for the IVA. With the focus on virtual environments using monitor
or VR, papers not using monitor or VR are excluded . Finally, the
emphasis is placed on adult Occidental participants. Consequently,
all studies involving participants with a mean age below 18 years
old or non-Occidental participants are also excluded?.

The first step of the PRISMA method consists of selecting articles
by reading their title and abstract. From the 162 articles identified
using the query presented above, the initial screening leads to the

!In fact, the search was also performed using Web of Science, resulting in 98 papers.
However, since these papers were already included in Scopus, they were not utilised.
2For studies conducted in Occidental universities or research groups, the absence of
such participants cannot be definitively confirmed when full details were not given.
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exclusion of 73 papers. Subsequently, a more thorough examination
of the remaining papers is conducted, involving reading through
each in its entirety, which constitutes step 2 of the screening pro-
cess. After this comprehensive review, an additional 57 papers are
excluded. See Table 1 for the more details.

This methodical filtration underscores the rigorous selection
and exclusion criteria inherent in the PRISMA approach, ensur-
ing that the review focuses on the studies most relevant to the
research question. Table 2 proposes a summary of the dimensions,
sub-dimensions, and signals involved as dependent variables for
each selected paper. In the next section, the results of the paper for
each socio-affective category are described in more detail.

3 RESULTS

3.1 Emotions

In this section, the research works investigating the perception of
IVA’s emotions through their multimodal behaviour are reported.
Initially, the literature reveals that emotional dimensions are ex-
plored through different affective concepts such as mood and emo-
tions [1]. To compare the research results, the analysis of the re-
search works on the emotional perception of IVA behaviour is
proposed in light of the valence and arousal dimensions.

These dimensions are expressed and perceived in various ways,
for example, through posture and facial expressions [24]. According
to the authors, the SAM questionnaire, which studies the dimen-
sions of valence, arousal, and dominance, is a good tool to assess the
perception of these dimensions. However, dominance, which could
also be considered as a personality trait, is discussed in Section 3.2.

According to [6], the notion of valence refers to the IVA’s opin-
ion, ie., the positive or negative feelings it has towards the user.
As shown in several research works [6, 9, 14, 18, 28, 38], the emo-
tional state, and more specifically valence, is conveyed by facial
expressions to display basic emotions such as anger, happiness,
and sadness [28], but also more subtle emotional states such as
stress [9], amusement, or politeness [38]. Even if facial expressions
are a strong cue of emotional state, the way they are displayed
in IVAs can vary considerably from one study to another, leading
to misinterpretation depending on the considered representation,
the intensity of the expression, and the combination of modali-
ties [14, 28]. Although it seems that the frown conveys a negative
valence [9, 13], the way it is represented in the IVA could vary, par-
ticularly in terms of intensity and of the parameters used to display
facial expression. For example, in the study of [14], a smiling facial
expression is perceived as neutral, while it is generally a positive va-
lence signal, indicating a potential confusion between a fake smile
and a genuine smile [14, 38]. Valence is mainly conveyed by the
combination of facial expressions and head movements. Indeed, re-
searchers consistently associate smiling and nodding with positive
valence, and frowning and shaking the head with negative valence
[6, 9, 14, 18]. However, some signals may be predominant in the
perception of valence. Indeed, as shown in [14], head shake is the
most negative modality identified and is always judged negatively,
regardless of the other modality it is associated with. Regarding the
other signals, the literature is not consensual. For example, posture,
such as crossed arms, may convey a negative valence as shown
in [6, 14], while [18] does not find no impact of posture on the
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assessment of valence. To express the valence, some modalities
may be more important than others. For instance, as highlighted
in [6], to assess the IVA’s valence, the users generally first con-
sider the head movements, then the posture, the gaze direction,
and finally the facial expressions, as this signal is more subtle in
VR. Additionally, research on the perception of behaviour on the
valence highlights the importance of combining non-verbal behav-
ioral modalities. For example, nodding is mainly a sign of positive
valence but is sometimes considered as neutral based on the associ-
ated signals [14]. In the same way, an IVA with the head tilted, its
elbow on the table and its torso leaning forward appears to be posi-
tive, while separately, these signals convey a neutral or negative
valence [14]. The perception of the non-verbal modality may also
vary according to the associated verbal behaviour, as highlighted
in [38]. In addition, vocal non-verbal immediacy, corresponding to
the pitch level and speech rate, may also have an impact on the
assessment of participants’ affect towards the content or the virtual
model. It also impacts the likelihood of following the same virtual
instructor again for other similar videos in the future [16]. Indeed,
stronger vocal immediacy, characterised by an average pitch of
260 Hz and a speech rate of 133 words per minute (wpm), enhance
affective learning compared with a virtual model that uses weaker
vocal immediacy, with an average pitch of 115 Hz and a speech
rate of 119 wpm [16]. Some factors may influence the perception
of valence, such as the appearance of the IVA itself. Although few
studies examine this factor, some research shows that a female IVA
is perceived as more positive than a male IVA when smiling [38].
Another study also shows that for a given facial expression, such as
raising eyebrows, a virtual female IVA appears to be more stressed
if it uses a frontal body with direct gaze than if it used an averted
body with an averted gaze, whereas no difference is found between
these behaviours for the male IVA [9].

The dimension of arousal describes the excitement of the event
for a person and ranges from low to high alertness [51]. It takes the
form of an IVA interested or attentive to what people are saying
and is characterised by two types of non-verbal behaviour, namely
proximity and body movements [51]. Consistently, all the authors
who study this dimension find a relationship between the evaluation
of arousal and the direction of gaze, the frequency of movements,
and the proximity of posture [6, 14, 18]. A high level of arousal
or engagement is associated with an IVA looking at the speaker,
with a closer posture, i.e. a torso leaning forward and frequent head
movements and facial expressions. On the contrary, an IVA that
looks away with a more distant and relaxed posture is perceived as
disconnected [6, 18]. It is also interesting that eyebrow raising is
judged to be neutral in terms of arousal and that head shaking is
always associated with high arousal, regardless of other signals [14].
Another interesting point is the relationship between perception of
valence and arousal. The combination of the valence-arousal pair
can convey a specific attitude, and, as indicated by [18], users are
able to perceive different social attitudes based on these dimensions
(indifferent, critical, and enthusiastic). However, several authors
report that users do not distinguish between different levels of
valence (positive and negative) for low arousal [6, 14, 18].
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3.2 Personality

In this section, three personality traits are considered: the domi-
nance, the extroversion, and the friendliness. The dominance is part
of the PAD (Pleasure-Arousal-Dominance) model, described by [44].
The dominance corresponds to a scale ranging from the absence
of control or impact on the event to the feeling of influence or
control on the situation [51]. Extroversion and friendliness are two
components of the "Big Five" personality traits model [21] that
identifies Openness, Conscientiousness, Extroversion, Agreeable-
ness, and Neuroticism. As explained in [11], agreeableness is an
indicator of friendliness. Warmth may also refer to friendliness [27].
Similarly, the concept of politeness involves the dimension of friend-
liness, as explained in [52, 53]. For the sake of clarity, only the term
friendliness is used in this section. According to [1], extroversion
corresponds to the sociability of IVA perceived by users.

The choice of only keeping dominance, extroversion and friend-
liness to express personality is explained by the interrelationships
between them. Indeed, [3] shows that dominance and extroversion
are positively correlated, while dominance and friendliness are neg-
atively correlated. In addition, friendliness and dominance are two
dimensions that appear in the Interpersonal Circumplex model [27],
which further indicates their strong relationship.

To express dominance, an IVA can look at the user in various
ways: by looking from below, which is perceived as less dominant,
from above, or by aligning its eyes close to those of the participant
[3]. Furthermore, as shown by [43, 47], dominant non-verbal be-
haviours can be displayed using akimbo posture, crossing arms,
sagittal head up, gesture with large radius. On the contrary, sub-
missive non-verbal behaviour includes neck-adapter (self-touch),
arms open, sagittal head down, gesture with small radius.

Regarding non-verbal signals, the more dominant position is
adopted, the more dominant the IVA is perceived [43]. Furthermore,
[47] shows that, concerning the perception of dominance, crossing
arms and the akimbo position are the most effective gestures, but
taking up more space (gesture with a large radius) is not perceived
as more dominant than the other gestures. Furthermore, [11] and
[10] demonstrate that by using more (or less) dominant cues, an
increase (or decrease) in perceived dominance can indeed be implied.
As shown by [3], the more linguistic friendly cues are used, the less
dominant is the IVA perceived. It is further established by [5] when
using verbal modalities of friendliness. Moreover, regarding vocal
modalities, [17] shows that the longer the interruption handling
time, the more dominant the IVA was perceived.

To express extroversion, IVAs can exhibit positive emotional
states and medium arousal levels (see Section 3.1), and high domi-
nance behaviours (closer interaction distances, expansive gestures,
rapid gesture execution, sustained eye contact, and prolonged gaze
duration). In contrast, introverted agents display negative emo-
tional states, low arousal, more distant interactions, reduced spatial
extent in gestures, slower gesture speeds, and averted gazes [7, 45].

As shown by [3], the more dominant gaze cues are used, the less
extroverted the IVA is perceived. Generally, it is possible to distin-
guish extroversion from introversion by voice or facial expression
alone [46]. However, if the voice is combined with body movements,
it is the most informative signal to judge the extroversion of the
virtual agent [46]. More specifically, [45] shows that a virtual agent
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is considered to be extroverted if it has a positive emotional state, a
medium level of arousal (see Section 3.1), and a positive dominance
value. On the contrary, an introverted virtual agent has a nega-
tive emotional state, a low level of arousal, and a low dominance
value. At the behavioural level, extroverted personality translates
into a closer distance during the interaction (e.g., the torso leaning
forward), a higher value of spatial extent during the execution of
gestures, a higher speed of execution gestures with greater eye
contact, and a longer duration of gaze for an extroverted virtual
agent. On the contrary, an introverted virtual agent is more distant
during interaction (leaning back) and adopts a lower value of spatial
extent and speed of gesture execution, with an averted gaze [7].

To express friendliness, regarding verbal modalities, an IVA can
use fewer synonyms and negations, shorter sentences, more pro-
nouns, verbs, negations, informal language, positive content, and
references to the speaker [4].

Regarding non-verbal modalities, the more dominant positions
are adopted, the less friendly the IVA is perceived [43]. As expected,
IVA friendliness can be perceived through positive facial expression
(e.g., smile [38]) but specific gestures, such as commanding the user
through arm gestures (using finger pointing) can have quite the
reverse effect [52]. However, [5] shows that non-verbal behaviour
or verbal modalities of friendliness alone are not sufficient to render
friendliness, suggesting that verbal modalities must be added to
ensure the right perception of it. Furthermore, [52] shows that, to
maintain a certain degree of friendliness in the IVA, it is preferable
to use suggestion rather than command. In addition, one may prefer
stronger vocal immediacy (i.e. higher pitch and faster speech rate)
to depict a more friendly IVA [3]. Lastly, regarding vocal modalities,
[17] shows that the longer the interruption handling time, the less
friendly the IVA is perceived. Moreover, [10] and [11] show that us-
ing more (respectively less) dominant cues and/or less (respectively
more) friendly cues implies an increase (or decrease) of perceived
friendliness. Similarly, [4] shows that the model that uses adaptive
algorithm (Reinforcement Learning) to adapt to user impressions
can indeed increase the perceived degree of friendliness compared
to when IVA does not adapt its behaviour to user reactions.

3.3 Trustworthiness

Trustworthiness is a complex dimension, closely related to under-
lying concepts, such as the performance of the IVA and its inclina-
tion to collaborate [20]. In this literature review, the perception of
several sub-dimensions of trust is investigated, such as the IVA’s
competence, intelligence, autonomy and helpfulness, reflecting its per-
formance, and its cooperativeness and persuasiveness, displaying a
certain predisposition for collaboration with the user.

In the literature, research highlights the impact of IVA’s emo-
tional non-verbal behaviour on its attributed trust level. In [23],
the IVA displays an emotional non-verbal behaviour, either pos-
itive (i.e. smile, head nod, head nod plus smile) or negative (i.e.
sad face, head down, dropping the arms plus sad face), while re-
spectively announcing good or bad news. Compared to an IVA
that remains neutral in its behaviour, its perceived trustworthiness
increases under emotional conditions. This relationship is further
studied in [47], more specifically by investigating the impact of emo-
tional behaviours on perceived cooperativeness. The hypothesis
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assumed by the authors, justifying the adoption of such behaviours
to depict cooperativeness, states that this sub-dimension is closely
related to IVAs’ expressiveness. This hypothesis is confirmed, there-
fore strengthening the already established link between an IVA’s
emotions and trustworthiness. The results of the considered study
include the preeminence of behaviours combining expressive ges-
tures and mimic to provide the IVA with a cooperative attitude. The
impact of lateral head tilts, whatever the side, is positive as well.
Naturally, opposite results are found for neutral and non-expressive
behaviours, which are associated to lower cooperativeness percep-
tion levels, however not as low as averting gazes.

The personality of the IVA, either depicted by its friendly or
dominant behaviour towards the user, is also recognised as pri-
mordial in shaping perceived competence, trustworthiness, and
cooperativeness [4, 10, 35, 43, 47]. A model commonly used in the
literature is the Warmth and Competence model [15], which links
the IVA’s friendliness (see 3.2) with its competence. This model is
adopted by [4] and [35] to assign specific non-verbal behaviours
to IVAs depending on the desired competence level. High com-
petence perception is successfully obtained by synchronising the
IVA’s gestures with the semantic content of the speech [35]. In
contrast, IVAs convey low competency through desynchronised
gestures [35]. This manipulation effectively transmits the expected
competence signal, regardless of the IVA warmth level, which is
characterised by an open (high warmth) or closed gesture (low
warmth). However, it is worth mentioning that IVA’s warmth, and
by extension its friendliness, also has an impact on competence
perception, with a positive correlation between these two variables.
The accuracy of the warmth and Competence model to design IVAs
perceived as such is confirmed in a second study [4].

As previously stated, studies also investigate the interrelation be-
tween dominant behaviours and trust sub-dimensions, more specif-
ically considering the impact on competence, intelligence and per-
suasion [43], as well as on helpfulness [10] and cooperativeness
[10, 43, 47]. The effect of dominance is, however, not confirmed
for all sub-dimensions. In [43], classical dominant non-verbal sig-
nals (i.e. akimbo posture, arms crossed, gestures with large radius,
sagittal head up) have no effect on competence, autonomy, intelli-
gence, and persuasion ratings. On the contrary, the helpfulness of
the IVA appears to be negatively impacted [10]. When it comes to
cooperativeness perception, contradictory results can, however, be
observed. Despite [43] additionally confirms that no relationship
can be established between these two variables, [47] finds a neg-
ative effect of dominance on cooperativeness, although its effect
remains quite small. The latter study additionally identifies specific
dominant signals, particularly perceived as uncooperative, such
as keeping the arms crossed, which corresponded to the lowest
cooperativeness rating among several dominant behaviours, in-
cluding keeping the head up or making large radius movements.
Conversely, the authors identify IVA’ behaviours, associated to
submission, interpreted as cooperative signals. More specifically,
an IVA adopting small radius gestures or keeping its arms open
improves its attributed cooperativeness level.

The persuasiveness of IVAs’ multimodal behaviour is also in-
vestigated. Two studies firstly compare the effectiveness of several
strategies in order to persuade the user to join a group of IVAs,
either using monitor [52] or a VR headset [53]. In both conditions,
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similar results are obtained. Strategies adopting a direct approach,
explicitly formalising the request, are the most persuasive ones.
Actually, when the IVA directly commands the user to move to
a specific location, while pointing it with its index, the level of
associated persuasiveness is the highest among all possible strate-
gies [52]. In comparison, less commanding approaches, such as
politely asking or proposing to the user to join the group, are less
persuasive but yet still effective [52]. The authors further highlights
the primordial importance of clear formulation of the demand to
maximise IVAs’ force of persuasion. In addition to the influence of
the strategy adopted, communication modalities also play a role.
Indeed, multimodal modalities, combining verbal (i.e. proposition
or command) and non-verbal communication (i.e. gaze and hand
movements), reach the highest impact levels on persuasiveness
[53]. Nevertheless, in [39], results indicate that verbal modality
only should be preferred to maximise the IVA’s force of persuasion,
reducing distractions for the user, who can therefore be focused on
the command itself. An important difference between this study
and previous ones that should be considered is that the non-verbal
behaviour in this case is not directly related to the command asked
of the user, thereby justifying its perceived uselessness.

Generally speaking, the IVA’s verbal behaviour also plays a sig-
nificant role in trust perception. The importance of a realistic voice
is highlighted, with IVAs eliciting higher level of trust when en-
dowed with a human voice rather than a synthetic one [39]. Verbal
behaviour also turns out to be important in eliciting competence.
An interesting signal used to reflect high competence and proved
to be relevant is the formulation of sentences using "We" or “You’
pronouns, rather than sentences formulated in the first person sin-
gular [4]. Similarly, IVAs disclosing personal information are not
perceived as more competent [48], further reinforcing the previous
statement regarding the irrelevance of “I” pronouns to elicit com-
petence. Although the words used are important, the number of
words used has no influence on competence perception [48].

Valuable insights for the design of trustworthy IVAs are provided,
but the design of their behaviours should still be carefully consid-
ered. Indeed, specific aspects can considerably impact perception,
leading to undesired effects. Such negative effects are observed
in [49], with mimicking IVAs, evoking a low level of trust and of
helpfulness among users when reproducing their behaviour, being
even perceived as creepy. The immediacy of the reaction further
reinforces the identified negative effect. Another surprising result
from the considered papers. [43] identifies that guiding behaviours
reduce the perceived level of competence. Such behaviours are rep-
resented with deistic gestures and gaze, meaning that IVAs pointing
to specific elements are not seen as competent.

3]

3.4 Social Capabilities

In this section, the research works exploring users’ perception of
IVAs’ social capabilities are presented. The articles considered in the
systematic review identify the following main dimensions related to
social capabilities: the mutual understanding or comprehension, the
mutual agreement, the intimacy or self-disclosure, the interpersonal
and dyadic stances and finally, the social status. These dimensions
are strongly related to the notion of virtual rapport [19].
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The mutual understanding, attention, agreement, interest and
pleasantness are explored in [42] in terms of users’ perception of
an interaction between two IVAs. In social interaction, intimacy
corresponds to "a reciprocal expression of personal or emotional
contents, and the perception of positive feelings and comprehen-
sion" [41]. In [25], intimacy refers to the perceived self-disclosure of
the IVA, which corresponds to the capacity to share personal infor-
mation with the user to create social connections. The interpersonal
stances in [38] correspond to the perceived relationship expressed
by the IVA toward its interlocutor, as for instance cold or warmth.
Finally, the dyadic stance results from a behaviour alignment or
nonalignment between the two agents reflecting for instance an
agreement or hostility [38].

The perception of these social capabilities dimensions described
above can be significantly influenced by the multimodal behaviour
of the IVA. For instance, as shown in [42] and [38], the mutual
reinforcement of smiles between two IVAs or between an IVA and
a user, enhances the perception of the mutual understanding and
impacts the perception of the interpersonal and dyadic stances [38].

Concerning intimacy, in [40, 41], the authors show that a high
level of perceived intimacy leads to a longer interaction with the
user. Moreover, the behaviour of the agent may influence its per-
ceived honesty and genuineness: users rated the IVA as more honest
and authentic when it displays behaviours associated with intimacy
such as emotional facial expressions (e.g., smiling), open-arm ges-
tures, self-directed motions, head nods and tilts, and eye contact.
Moreover, [48] investigates the perception of the talkative and
self-disclosure dimensions. Results show that an IVA is perceived
as more talkative and open, when it uses more words and shares
personals information with the user.

A last sub-dimension is the influence of its non-verbal behaviours
on its perceived social status. Among the selected papers in this
literature review (see Table 2), a unique study, [36] aims to inves-
tigate the effects of different gaze behaviours, reflective of either
high or low social status, during a job interview scenario with an
IVA. The study finds that an IVA perceived as belonging to a higher
social status displays longer duration of eye contact and prolongs
stares following the user’s responses. Furthermore, an IVA raising
his head posture and with a body leaned toward the user is also as-
sociated with a higher social status, highlighting the significance of
non-verbal modalities in shaping perceptions of social hierarchies
within virtual interactions.

3.5 Believability

The user’s perception may be strongly impacted by the believabil-
ity of the IVAs influenced by the quality of the animations and of
the voice. In this literature review, believability is assessed across
several dimensions. In [16], the authors refer to the dimensions
of animacy, anthropomorphism and liveliness which correspond
to dimensions of the Godspeed questionnaire [2]. The notion of
believability corresponds also to the perception of credibility, for
instance in [5] to explore how credible the IVA is in its role of re-
cruiter. In [26], the believability of the IVA’s behaviour is evaluated
through the notion of plausibility and naturalness focusing on both
the behaviour and the appearance.
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Several articles in our literature review have shown the influence
of IVAs’ behaviours on the users’ perception of believability. First
of all, concerning the animations, [39] and [26] emphasise that an
animated IVA, regardless of the animation mode, is perceived as
more natural and more plausible than a static one, indicating that
the movements are a key factor in the perception of believability.
Moreover, [39] shows that a more varied and nuanced behaviour
leads to a better perception of the realism. [26] also focuses on the
naturalness and plausibility of facial animation behaviour, showing
that synthesised expressions (i.e. facial expressions generated from
data such as audio, head movements, and tagged gaze targets to cor-
respond with expected facial expressions in specific situations) are
evaluated as more natural and plausible than tracked expressions
(i.e. facial expressions captured in real-time from facial movements),
both for verbal and non-verbal behaviour. In [29], the authors high-
light the importance of the appropriateness of the expressed signals
showing that inappropriate nods are perceived as less natural than
those adhering to established norms.

In [16], the authors investigate the impact of the verbal behaviour
and in particular the vocal immediacy on the animacy, anthropo-
morphism and liveliness. They manipulate the virtual agent’s vocal
parameters, such as pitch and speech rate. Results indicate that
participants exposed to the condition with stronger vocal imme-
diacy (high pitch and fast speech rate) perceive the agent as more
anthropomorphic, animated, and likeable compared to those in the
weaker vocal immediacy condition.

4 DISCUSSION

In this paper, the interplay of socio-affective perceptions of IVAs
by users is delved into, specifically focusing on how emotions,
personality, trustworthiness, social capabilities, and believability
are discerned through the IVAs’ multimodal behaviour. To achieve
this goal, the PRISMA method is employed, ensuring a systematic
and transparent review process that underpins the analysis.

This exploration reveals a rich tapestry of dimensions used across
studies to discuss socio-affective perception. However, a detailed
analysis of the dimensions described in the papers shows that the
diverse terminology are used to describe similar or overlapping con-
cepts. This diversity poses challenges but also offers an opportunity
for synthesis. For example, as explained in Section 3.2, several terms
can be used to describe friendliness (e.g., agreeableness, politeness,
warmth). In this paper, a novel comparison of papers included in
this study is proposed by aligning compatible sub-dimensions that
reference analogous notions or concepts. This categorisation is
grounded in the definitions of the sub-dimensions, the behavioural
models they reference, and the contexts within which they are
employed. However, this categorisation can suffer of limitations
because of the interplay between dimensions and sub-dimensions.
Indeed, for example, the concepts of extroversion and dominance
are intimately linked to the valence and arousal, as encapsulated in
the PAD model, suggesting that dominance could be considered as
a component of extroversion. Similarly, trustworthiness is deeply
intertwined with valence and arousal, and warmth significantly
influences the competence (warmth and competence model).

In Sections 3.1 to 3.5, for each dimension separately, the influ-
ences of modalities and signals influence on these dimensions are
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explained. Thus, it is now possible to highlight the main effect of
a specific signal on a dimension. For instance, a smile, generally
associated with positive valence [14], can lead to ambiguity if not
clearly genuine [38], and its impact on friendliness can be reversed
by contradictory gestures like authoritative arm movements [52].
Head movements such as nodding, typically signalling agreement
[6, 9, 14, 18], can be perceived differently based on accompany-
ing signals [14], highlighting the importance of signal congruence.
Similarly, head tilts and orientation underscore the nuanced in-
terpretation of emotional states, where a combination with other
positive signals or specific contexts (like a forward-leaning posture)
can significantly alter perceptions from negative to positive valence
and arousal [6]. For verbal modalities, the linguistic choices made by
IVAs, such as the use of inclusive pronouns and the level of formal-
ity, play pivotal roles in shaping perceived competence, friendliness
and dominance [48]. Sentence length and content tone further influ-
ence perceptions of clarity, engagement, and emotions, affecting the
user’s interaction experience. Paralinguistic vocal immediacy such
as pitch and speech rate stands out as a critical factor, with higher
immediacy enhancing the IVA’s anthropomorphism and friendli-
ness [3]. Interruption handling times also markedly affect perceived
friendliness and dominance, underscoring the delicate balance be-
tween responsiveness and assertiveness in verbal exchanges [17].
Overall, the synchronisation of verbal and non-verbal modalities,
alongside the realism of vocal expressions, emerges as paramount
in amplifying the IVA’s perceived competence, trustworthiness, and
naturalness in communication.

Throughout this paper, it is shown how the interplay and combi-
nation of various signals and modalities significantly influence the
perception of IVAs, altering and amplifying user interpretations.
For instance, a head shake stands out as a strongly negative cue
[14], consistently associated with high arousal and negativity, ir-
respective of other modalities it accompanies. Contrarily, nodding
typically signifies positive valence but can be perceived as neu-
tral if conflicting signals accompany it [14]. Similarly, an IVA with
a forward-leaning posture and head tilt can project positivity, a
perception that might shift to neutrality or negativity when these
signals are isolated. Interestingly, while a smile generally conveys
friendliness, commanding gestures like finger-pointing can negate
this effect [52]. The synchronisation of an IVA’s gestures with its
speech notably enhances perceived competence, highlighting the
importance of congruence between verbal and non-verbal modal-
ities. Moreover, the combination of voice and facial expressions,
especially when aligned with body movements, serves as a power-
ful indicator of extroversion, underscoring the amplifying effect of
multimodal communication. This synchronisation not only boosts
the perception of competence [35] but also the persuasive power of
the IVA, demonstrating the significant impact of integrated verbal
and non-verbal modalities on user perceptions.

The interdependence between socio-affective perception and
user characteristics should not be disregarded. Users’ age has an
influence on trust [23, 39] and on autonomy, persuasiveness and
cooperativeness perception [43], with older users who are more
likely to put their trust in the IVA. Divergent results are obtained
in [47] regarding the impact of age on cooperativeness perception,
since no correlation is established between these variables. With
regard to competence [35], intelligence [43] and helpfulness [23],
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no impact of age is identified. The gender of participants also plays
a crucial role in the interaction dynamics with IVAs. Indeed, [7]
shows that women tend to engage more closely and attentively
with IVAs than men, who prefer a closer interpersonal distance
particularly with female IVAs. Additionally, in [5], the authors
show that the IVA, playing the role of a recruiter, is perceived
significantly more believable by women than by men. Moreover, the
gender of participants affects the perception of an IVA’s friendliness,
with female participants often perceiving IVAs as less friendly,
regardless of the non-verbal behaviours displayed by the IVA [5,
7, 32, 47]. A last factor influencing the perception is the realism.
Indeed, both animations quality [26, 29] and voice quality [16]
crucially affect user perceptions of VA, with effective verbal and
non-verbal behaviours enhancing believability.

In the discussion of the systematic review, it should be noted
that only a small fraction of the studies specifically address im-
mersive VR headsets. Out of the 32 papers analysed, merely five
focus on immersive VR technologies. This observation underscores
a significant gap in the literature, as immersive VR environments
offer unique opportunities and challenges for the study of IVAs.
These environments can potentially provide a more controlled and
immersive context for examining the nuances of user interactions
with IVAs, which might differ significantly from interactions in less
immersive or monitor-based setups.

In addition, there is a significant body of research that is not in-
cluded in this literature review. The strict adherence to the PRISMA
method, while ensuring rigour, may have limited the scope of in-
cluded studies and research groups considered and overlooked
relevant research that falls outside the specified criteria. For ex-
ample, the impact of cultural and demographic factors on socio-
affective perceptions, though noted, warrants further exploration
to understand how different cultural backgrounds influence user
experiences with IVAs. It should be noted that several research
works investigate these differences between cultures, comparing
the perception of participants from Europe and Asia. Perception
differs effectively when it comes to personality (i.e., friendliness)
[22, 23, 32] and trustworthiness aspects [22]. The same statement
can be made when it comes to social capabilities of IVAs. Indeed,
users are more likely to take part in a conversation with agents
when they belong to the same culture [31], highlighting a prefer-
ence between users for signals attributed to their culture [30]. In [8],
a comparison is established between Individualistic and Collectivist
cultures. A significant impact of this cultural aspect is identified,
influencing the perceived appropriateness of a discussion between
virtual agents, either adopting a warmth and friendly behaviour, or
a more aggressive and competitive conduct.

In conclusion, this systematic review sheds light on the intri-
cate relationship between the multimodal behaviour of IVAs and
the socio-affective perceptions of users, offering valuable insights
and guidelines for the design of socio-affective IVAs. The findings
underscore the need for a nuanced approach to IVA design that
considers the full spectrum of non-verbal modalities and their inter-
play with verbal communication. As technology evolves and user
expectations change, the field must continue to explore these dy-
namics, ensuring that IVAs remain effective, engaging, and capable
of meeting the diverse needs of their users.
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